                                        Infrared Spectroscopy 
Reference: Smith, Chapter 13 (Infrared Spectroscopy)
Pre-lab assignment: Study the instructor’s handout on IR spectroscopy.
Note: The first thing we shall cover today is UV spectroscopy (see folder in Lab Manual).
Introduction Infrared spectroscopy measures vibrations within molecules. Accordingly, various functional groups display vibrations in the infrared region at about the same frequency (cm-1) regardless of the full structure of their molecules. We will focus on three groups (partial structures) that absorb IR energy and vibrate in regions that are well-defined and easy to identify on a spectrum. These groups are hydroxyl (-OH), triple bond (-C≡C- or -C≡N), and carbonyl (C=O). These groups absorb (vibrate) at approximately 3500 cm-1 for the –OH group, 2250 cm-1 for the triple bond, and 1700 cm-1 for the carbonyl group. To decide whether a spectrum contains one of these absorptions, look for the frequency number (e.g., 3500 cm-1). If any part of a band is apparent, then the structure likely contains an –OH group. The size and shape of the absorptions also give us important information. Look about 100 cm-1 on either side of the key numbers (3500, 2250, and 1700) for bands (absorptions) with the following characteristic shapes and intensities. At 3500, look for a medium intense band (comes about half way down the page), broad band that extends over several hundred cm-1. At 2250, look for any sharp band within 100 cm-1. At 1700, look for a peak that extends further down on the page than any other peak in the spectrum (picture). If you find a sharp, intense band between 1680-1780 cm-1, a carbonyl group is indicated.
This lab period consists of 15 problems. The first three problems review basic concepts of bonding and structure. The next seven problems introduce group (partial structure) identification by IR. Hydroxyl (OH), triple bond (C≡C or C≡N), and carbonyl (C=O) groups will be identified by IR. The final five problems require you to identify five unknown compounds from their IR and 1H NMR spectra. For each compound, you will identify the groups (partial structures) present as determined by looking at their IR spectra in the manner described in the introduction above. Then, you will identify additional partial structures present in each compound by analyzing the compound’s NMR spectrum, as you did in a previous lab. Finally, you will combine the partial structures you deduce from the two spectra into a structure that is consistent with all of the spectroscopic data.
Problems 1-3 (1 point each). A review of structure and bonding.
1. A compound has three rings, none of which are cyclopropane or cyclobutane, and four  bonds. After the compound is fully hydrogenated over a platinum catalyst, how many  bonds are left?____  How many rings are present in the hydrogenation product?_______
2. How many degrees of unsaturation are present in the compounds represented by the following formulas?
C10H20 ______     C20H34O2 _______    C20H33NO_________   C6H4Cl2______

3. How many rings are present in each of the following structures?


[image: image1.wmf]
Problems 4-5 (1 point each). Identification of partial structures (groups) by IR.
4.  A compound has a sharp but not intense (1/3 as long as the longest band) IR band at 2245 cm-1. The two partial structures that might be in the compound are ______​​​​___or _________.
5.  A compound has a broad IR band from 3300-3600 cm-1 and also a sharp band that is the longest in the spectrum at 1715 cm-1.  The two groups (partial structures) present in the compound are: _________ and ____________.
Problems 6-10 (1 point each). Examine each of the following spectra. Look in the pertinent regions of each spectrum and write structural formulas for all partial structures (groups) you identify.
6.                            
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Problems 11-15 (2 points each). Analyze the IR and 1H NMR spectra of each of the following compounds. Write partial structures for every structural feature you identify, leaving squigglies (open valences) for each open bond. Then, combine the partial structures from both spectra into a single compound that is structurally consistent will all of the spectral data. Note: A hydroxyl group (OH) will be identified by the band overlapping 3400-3500 cm-1 in the IR. However, the H atom of the OH group will also be visible in the 1H NMR, because all hydrogen atoms will be counted. Take care not to count an alcohol H atom twice (once for the IR and once for the NMR). They show the same H in different ways.
11.  
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14. C8H7N
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15. When you have completed all 15 questions, put your name on your work and turn it in to the instructor.
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